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Photoelectric effect

The energy of an electron is proportional
to the frequency of light given off.

The experiment:

Because each element has a different number of electrons,
each element gives off characteristic wavelengths, or colors.

When electrons are excited, they increase in energy. When they
drop down to their original location, they give off energy equal
to the difference between the 2 locations.

a0, the color of the flame tells us scmething about the energy
levels the electrons occupied.




WWe can excite hydrogen atoms by running an
electric current through hydrogen gas......

And then viewing the glowing
gas through a
spectroscope

‘x_x_l
/I The result is the visible
-] hydrogen spectrum:

This can give us a picture of the hydrogen atom:

Constructing electronic siruciure of @ hvdrogen atom

Puarr i1
Hydropern glom emission specirum give ns Rins ...

(2} 1% & comitarcus speciram obtmned from visibie lght, &
from 4llnm o 700 mm.

{n)is a lime speciram abtained froen smifed fphi of 2n
exciled hydrogen alom, & from 400 rm to 700 nm.

The H atom emits light at discrete energy levels.




Miels Bohr discovered that H's lone electron emits light
in the discrete levels seen in the hydrogen spectrum:
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Bohr used this concept of energy levels to
construct his model of the hydrogen atom:

e . %, Features of Bohr's
!51. model:

Electrons cccupy
discrete energy levels,

- ar "shells"

The energy gap
decreases as the
shell number
increases




3o if hydrogen's spectrum can tell us about the
structure of a H atem, can the spectra of other

elements help us create models of those atoms?

YWhat do we notice about the spectra of the
other elements?

They are more complex than H

In general, their complexity increases as
atomic number increases

The Bohr Model does not work for elements
other than Hydrogen.

Atomic spectra just get too complicated to be
explained by the Bohr Model.

3o, a new model must be created to explain the atomic
structure of all the elements, not just hydrogen!
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Enter 5chredinger used probability to express
the location of an electren in an atom by developing

tical Equatmn. the Ezm:n_dmgﬂLEqua!:mn
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This led to the develnpment_nf the gquantum
mechanical model of the atom.

a mathe

Let’s compare the Bohr model with the
quantum mechanical model.

Characteristics of the gquantum mechanical model:

The location of
; - ' electrons are given
i L wﬁﬁ by the probability
of finding them in
that area. Thess
areas have different
energy levels.

1l'"H+ai:'l::|arh'.'c':r the’%rﬁa,
the greater the probability
an electron is there.
o il e :
These probability

regions are called
atomic orbitals.
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These orbitals have the following shapes:

& - Dripal
wach can contain 2 clectrons

b Groups | and 2 on the periodic table

1 B - Criarsl

each can contain & electrons

Groups 3-8 on the periodic takble

g - iebrinl
|
each can contain 10 electrons

transition metzls on periodic table

Energy levels of electrons are denoted by principal
quantum numbers (n). n = 1,2, 3, 4, etc.

Each energy level, n, may have energy sublevels, each
corresponding to an orbital of a different shape.

Principal

Mumber
ENErgy § Sriblavali Type of sublevel
level
n=| | |s (| orbital)

2 max e- Q
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Principal

Mumbear

Cnergy of sublavals Type of sublevel
level
n=3 2 2s (| orbital), 2p (3 orbitals)
B max e- o g
el Mumber Type of sublevel
il of sublevels
level
n=3 3 3s (| orbital), 3p (3 orbitals)

Q

18 max e-

S

3d (5 orbitals)
.
B
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Principal

Mumber Type of sublevel
enersy of sublevels
lewel
n=4 4 4s (| orbital), 4p (3 orbitals)

4d (5 orbitals),4f (7 orbitals)
9 . : :
>3 W¥
¢ 5 W
ok | : ™ *

Three rules tell you how to find the electron configuration:

e- occupy orbitals of the lowest energy level

Aufbau principak fist

an atomic orbital may describe at
Pauli exclusion principal: most 2 e-. Each has a different spin:
Tl clockwise and counterclockwise.

e- oooupy orbitals | at a time, with the same

Hund's rule:  5pin direction, until all are filled. Cnly then
will - be paired with another of opposite
spin.

[piiniin

5 2p« 2py Ipe

i
I

5

17

18



How do we write electron configurations for each element!
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Grbimd Filling and ¥riting Electron Canfipuration
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Let's review electron configurations and write
them:

Copper and chromium have configurations that are
exceptions to the Aufbau Principle:

Expected configuration: Actual configuration:
Cr: Is? 252 2p% 357 3p* 3d* 457 Is? 2¢ 2pf 3s? 3p° 3d° 4¢'
Cu: [5? 25* 2p8 3s? 3p* 347 452 Is? 25" 2p% 3s? 3p* 3d'% 45

7

Having half-filled or filled 3d orbitals is more stable
than z filled 45 orbital.

3o what is quantum mechanics, really?

It describes the motions of electrons and other
subatomic particles as waves.

Electrons move as waves? Aren't they particles???

Davisson and Germer, at Bell Labs in M), did an

experiment that showed that electrons behave as
waves!
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Since electrons behave as waves, they can be used to magnify
abjects, much like light can...only much smaller objects!

electron microscope

B p———

Schrfidinger's Cal: A cal, along with B Nask conlaining & poison, i pasad in 8 seaked Dox
shiaklad againg anvironmanially induced guanhsm decohamnca, I an insamal Geigar courtar
cetacts radiation then $e flass s shatored, releasing the pason which kills the cat. Quantum
meshanics supgests that afer 2 while the o is simutanecashy aive and dead. ¥et. when we
laok in the box, wa soo the cal efiaer alve ordead, nol a misdure of alive and dead.
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